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Experimental 

Crystal data 

C 25 H 23 NCHCl3 
M, = 456.81 
Monoclinic, P2^ 
a = 8.6455 (2) A 
b = 10.7338 (3) A 
c = 12.3310 (3) A 
P = 99.055 (1)° 



V= 1130.04 (5) A 3 
Z = 2 

Mo Ka radiation 
/a = 0.42 mrrr 1 
T = 193 K 

0.80 x 0.70 x 0.40 mm 



(1 S,8/?,1 5S,1 9/?)-1 7-Benzyl-1 7-azapenta- 
cyclo[6.6.5.0 2 ' 7 .0 9 ' 14 .0 15 ' 19 ]nonadeca- 
2(7),3,5,9(1 4),1 0,1 2-hexaene chloroform 
monosolvate 
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Key indicators: single-crystal X-ray study; T = 193 K; mean ct(C-C) = 0.002 A; 
R factor = 0.042; wR factor = 0.1 19; data-to-parameter ratio = 24.6. 

In the title compound, C25H23NCHCI3, the dihydro- 
anthracene unit is bent with a dihedral angle between the 
benzene rings of 57.82 (8)°. The N atom of the pyrrolidine 
heterocycle, which has an envelope conformation with the N 
atom as the flap, exhibits a pronounced pyramidalization 
[E(C— N — C) = 328.07°], indicating an accentuated N-donor 
character. In the crystal, this behaviour is evident by the C— 
H- ■ -N hydrogen bond involving a solvent molecule and the N 
atom. The absolute configuration at the C-atom fused 
positions of the pyrrolidine group were crystallographically 
confirmed to be S and R. 

Related literature 

For catalytic applications of 9,10-dihydroanthracene-succini- 
mides and their related pyrrolidine derivatives, see: Sasaoka et 
al. (2006); Sanhes et al. (2009, 2010). For the synthesis of these 
ligands, see: Sanhes et al. (2008). For a description of the 
Cambridge Structural Database, see: Allen (2002). 




Data collection 



Bruker SMART APEXII 


19688 measured reflections 


diffractometer 


6678 independent reflections 


Absorption correction: multi-scan 


6147 reflections with / > 2o(I) 


(SADABS; Bruker, 2006) 


R iM = 0.021 


= 0.730, r max = 0.850 




Refinement 




R[F 2 > 2a(F 2 )] = 0.042 


H-atom parameters constrained 


wR(F 2 ) = 0.119 


Ap max = 0.59 e A~ 3 


S = 1.04 


A,o min = -0.54 e A~ 3 


6678 reflections 


Absolute structure: Flack (1983), 


271 parameters 


3057 Friedel pairs 


1 restraint 


Flack parameter: —0.01 (5) 


Table 1 




Hydrogen-bond geometry (A, °). 




D-H-A D-H 


H-.-A D-A D-H-A 


C26-H26- ■ -Nl 1.00 


2.36 3.320 (2) 161 



Data collection: APEX2 (Bruker, 2006); cell refinement: APEX2 
and SAINT (Bruker, 2006); data reduction: SAINT; program(s) used 
to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008) and publCIF 
(Westrip, 2010). 
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Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: SU2490). 
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(1 S,8/?,1 5S,1 9/?)-1 7-Benzyl-1 7-azapentacyclo- 

[6.6.5.0 2 ' 7 .0 9 ' 14 .0 15/l9 ]nonadeca-2(7),3,5,9(1 4),1 0,1 2-hexaene chloroform 
monosolvate 

lelyzaveta Bratko, Sonia Ladeira, Nathalie Saffon, Emmanuelle Teuma and Montserrat Gomez 
Comment 

9,10-Dihydroanthracene-succinimides are target molecules for pharmaceutical and medical uses (Sanhes et al, 2008), 
and their related pyrrolidines have also found applications as organocatalysts (Sasaoka et al, 2006; Sanhes et al, 2009; 
2010). The synthesis of these compounds is mainly based on thermal-promoted Diels-Alder cycloadditions (for the 
succinimide derivatives), followed by chemical reduction to give the corresponding heterocyclic amines [Sanhes et al, 
2008]. From a structural point of view, a large number of 9,10-dihydroanthracene-succinimides have been analyzed by X- 
ray single-crystal diffraction. A search of the Cambridge Structural Database gave 67 hits (CSD, version 5.33, update No. 
4, August 2012; Allen, 2002), however, no crystallographic data is available for the corresponding non-substituted 
pyrrolidine ligand. Herein, we report on the synthesis and crystal structure of the title compound. 

The molecular structure of the title compound is shown in Fig. 1. The 9,10-dihydroanthracenyl is bent with a dihedral 
angle between the benzene rings of 57.82 (8)°. The pyrrolidine heterocycle has an envelope conformation with atom Nl 
as the flap. It is displaced from the mean plane of the four C-atoms, C15 — C18 [maximum deviation = 0.0025 (15) A] by 
0.6313 (14) A. This mean plane forms a dihedral angle of 50.78 (10)° with the C20 — C25 benzyl ring. In contrast to 
analogous dicarboximide compounds, a pronounced pyramidalization of the atom Nl is observed with £ C — Nl — C = 
328.07°, which signifies an accentuated N-donor character. 

In the crystal, this N-donor behaviour is evident by the C — H— N intermolecular hydrogen bond involving a chloroform 
solvate molecule (Table 1 and Fig. 2). 

The absolute configuration of atoms C15 and C16 was crystallographically confirmed to be S and R, respectively (Fig. 
1). 

Experimental 

The title compound was prepared by the reduction of the corresponding 9,10-dihydroanthracene-succinimide following 
the reported procedure (Sanhes et al, 2008). To a solution of the succinimide (920 mg, 2.52 mmol) in 50 ml of THF at 
273 K, LiAlFLi (1.43 g, 37.7 mmol) was added in small portions and the mixture was then refluxed for 72 h. The reaction 
mixture was cooled to 273 K, then diethylether (30 ml) and an aqueous saturated solution of Na 2 S0 4 were sequentially 
added. The precipitate that formed was filtered off and the filtrate washed three times with water. The combined organic 
layers were dried over anhydrous Na 2 S0 4 , filtered and the solvent evaporated under vacuum. Crystals of the title 
compound were obtained by slow evaporation of a solution in CHC1 3 . The title compound was characterized by high- 
resolution mass spectrometry (CI, dichloromethane): calc. mass 338.19; found: 338.19 (for C25H23N). Further 
spectroscopic data for the title compound is available in the archived CIF. 
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Refinement 

All the H atoms were included in calculated positions and treated as riding atoms: C — H = 0.95 A (aromatic), 0.99 A 
(methylene) and 1.00 A (methine,) with £/ is0 (H) = 1.2C/ eq (C). 

Computing details 

Data collection: APEX2 (Bruker, 2006); cell refinement: APEX2 and SAINT (Bruker, 2006); data reduction: SAINT 
(Bruker, 2006); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 1997); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008) and publCIF (Westrip, 2010). 




Figure 1 

The molecular structure of the title compound with the atom numbering. The displacement ellipsoids are drawn at the 
50% probability level. The solvent molecule has been omitted for clarity. 
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Figure 2 

A view along the b axis of the crystal packing of the title compound, showing the C — H---N hydrogen bond (dashed line) 
involving the solvent molecule. H atoms not involved in hydrogen bonding have been omitted for clarity. 

(I) 



Crystal data 

QbUbN-CHCIs 
M r = 456.81 
Monoclinic, P2\ 
Hall symbol: P 2yb 
a = 8.6455 (2) A 
b= 10.7338 (3) A 
c = 12.3310(3) A 
P= 99.055 (1)° 
V= 1130.04 (5) A 3 
Z=2 

Data collection 

Bruker SMART APEXII 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
phi and a> scans 

Absorption correction: multi-scan 

(SADABS; Bruker, 2006) 
7^ = 0.730,7^ = 0.850 



F(000) = 476 

D x = 1.343 MgnT 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9897 reflections 

6 = 2.4-34.7° 

fi = 0.42 mm" 1 

T= 193 K 

Block, colourless 

0.80 x 0.70 x 0.40 mm 



19688 measured reflections 
6678 independent reflections 
6147 reflections with I > 2o(I) 
i?in,= 0.021 

#max — 30.5°, 9 min = 2.4° 



h = -12— >12 
£=-15^15 
/ = -17^17 
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Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F > laiF 2 )] = 0.042 
wR(F 1 ) = 0.119 
S = 1.04 
6678 reflections 
271 parameters 
1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Special details 

Experimental. Spectroscopic data for the title compound: >H NMR (300 MHz in CDC1 3 ): 7.31 - 7.34 (m, 7H, Harom), 
7.24 - 7.27 (m, 2H, Harom), 7.14 - 7.19 (m, 4H, Harom), 4.20 (s, 2H, H9,10), 3.31 (s, 2H, H19), 2.87 (m, 2H, H17 or 
H18), 2.78 (m, 2H, H15.16), 1.90 (m, 2H, H17 or H18) 13 C NMR (75 MHz in CDC1 3 ): 143.9, 141.8 (Cll, 12,13, 14), 
128.8, 128.1, 125.8, 125.7, 125.6, 123.6 (CH arom), 60.0 (C19), 57.0 (C17.18), 47.3 (C9,10), 44.3 (C15,16). 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


iso ' *-* eq 


XT 1 

JN1 


{).3y2&y (lo) 


a or i i r >\ 
(J.JZ Jo / (IZJ 


yjAMyi (11) 


(J.Uzoo (2) 


CI 


A 1 A A A S*M\ 

0.1444 (2) 


0.50798 (18) 


A A/in/ /1 A\ 

-0.04276 (14) 


f\ AO A C f"> \ 

0.0345 (3) 


T r i 

Hi 


A 1 A ao 

0.1 4yZ 


a cm i 


A A£ C A 

— u.utoy 


A A/I 1 * 

0.041* 


C2 


0.0421 (2) 


0.4244 (2) 


-0.10382 (15) 


0.0429 (4) 


H2 


-0.0227 


0.4516 


-0.1689 


0.051* 


C3 


0.0345 (2) 


0.3016(2) 


-0.06997 (17) 


0.0435 (4) 


H3 


-0.0364 


0.2456 


-0.1117 


0.052* 


C4 


0.1298 (2) 


0.25967 (18) 


0.02461 (15) 


0.0352 (3) 


H4 


0.1250 


0.1754 


0.0473 


0.042* 


C5 


0.6395 (2) 


0.28010(16) 


0.18645 (14) 


0.0326 (3) 


H5 


0.6355 


0.1963 


0.2107 


0.039* 


C6 


0.7800 (2) 


0.33116(18) 


0.16495 (15) 


0.0376 (4) 


H6 


0.8722 


0.2816 


0.1747 


0.045* 


C7 


0.7867 (2) 


0.45386 (19) 


0.12935 (15) 


0.0365 (4) 


H7 


0.8829 


0.4871 


0.1143 


0.044* 


C8 


0.65237 (19) 


0.52818 (16) 


0.11575 (13) 


0.0309 (3) 


H8 


0.6569 


0.6122 


0.0922 


0.037* 


C9 


0.35679 (17) 


0.54536(13) 


0.12701 (12) 


0.0255 (3) 


H9 


0.3634 


0.6325 


0.0995 


0.031* 


C10 


0.34340(18) 


0.31443 (14) 


0.19041 (13) 


0.0265 (3) 


H10 


0.3398 


0.2246 


0.2114 


0.032* 


Cll 


0.23268 (18) 


0.34320 (14) 


0.08567 (13) 


0.0280 (3) 


C12 


0.50511 (18) 


0.35394 (14) 


0.17174(12) 


0.0260 (3) 


C13 


0.51215(17) 


0.47792 (14) 


0.13708 (12) 


0.0253 (3) 


C14 


0.23907 (18) 


0.46747 (14) 


0.05191 (12) 


0.0268 (3) 


C15 


0.30194 (18) 


0.54093 (13) 


0.24191 (12) 


0.0250 (3) 


H15 


0.1958 


0.5797 


0.2359 


0.030* 


C16 


0.29201 (17) 


0.40197(13) 


0.27884 (12) 


0.0253 (3) 



Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/[a 2 (F 0 2 ) + (0.0672P) 2 + 0.2655P] 

where P = (F a 2 + 2F 2 )/3 
(A/<7) max = 0.001 
Ap max = 0.59 e A 3 
Ap mm = -0.54 e A~ 3 

Absolute structure: Flack (1983), 3057 Friedel 
pairs 

Flack parameter: -0.01 (5) 
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Atomic displacement parameters (A 2 ) 
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A AOA£ /OA 

U.UZ96 (o) 


A "7 /Tv 

U.UU3 / (/) 


C\ c\ \ cc fn\ 
U.UlDD (/) 


A AAA! //T\ 


Cz4 


A A/1 T7 A9A 


A A/IAC /OA 


A A*2 1 A /OA 
U.U3 1U (o J 


A AAT7 in\ 
U.UUj / ( /) 


A AA1 /I /"7\ 
U.UU14 ( / j 


A A.AC/I /'TA 

— U.U104 ( /) 


C25 


0.0309 (7) 


0.0332 (7) 


0.0332 (7) 


-0.0026 (6) 


0.0043 (6) 


-0.0054 (6) 


C26 


0.0380 (9) 


0.0372 (9) 


0.0568 (11) 


0.0008 (7) 


0.0096 (8) 


-0.0027 (8) 


Cll 


0.0523 (3) 


0.0910(5) 


0.0566 (3) 


-0.0100 (3) 


0.0033 (2) 


-0.0085 (3) 


C12 


0.0901 (6) 


0.0433 (3) 


0.1741 (10) 


-0.0087 (4) 


0.0397 (6) 


0.0149 (5) 


C13 


0.0745 (4) 


0.0909 (5) 


0.0582 (3) 


-0.0120 (4) 


0.0239 (3) 


-0.0231 (3) 



Geometric parameters (A, ") 



KT1 f i q 
IN 1 V 1 V 


1 4^7 tl\ 


ni c\a 

V- 1 1 V^/ 1 ^+ 


1 4D1 (7} 


XT1 f 1 7 
IN 1 1 / 


1 471 8 (\ Q\ 


CM C\~K 

*_/ 1 Z I J 


1 4D9 (1\ 


XT 1 P 1 R 
IN 1 1 o 


1 4789 (\ Ci\ 
1 .^f / oZ \Ly) 


rK PIS 


1 ^^9 f}\ 






Pi s P1 6 

v/l J ^.10 


1 ^6^q n qa 




1 .J7J J 


P1 S 141 S 


1 noon 

1 .uuuu 




vj.yjyjvt 


P1 ^> P1 7 


1.JJJ ^Z ) 


CI C7. 



1 ^Rfi ("5^ 


C\(\ 141 


1 nnnn 


CI T-T? 

^z — nz 




P1 7 141 7 A 

V_/l / nl 1 r\ 


V.yyuu 




1 '^Q'? fV\ 

1.J7J V-'/ 


P17 R17R 


U.77UU 


j — n j 


U.7JUU 


P1 8 141 8 A 


n QQnn 

U.77UU 


C4— Cll 


1.397 (2) 


C18— H18B 


0.9900 


C4— H4 


0.9500 


CI 9— C20 


1.515(2) 


ps pi 9 


1 ^04 (7\ 


P1Q R1QA 
v. i y n L yt\ 


0 QQOO 


P^ P£ 




P1Q H1QR 
L 1 y n 1 yD 


A QQAA 


14^ 

' — rlj 


A AC AA 


P7fl P91 
l/ZU I^Z 1 


1 . jyj \Z ) 


Pfi P7 


1 .J7Z J 


p?n p?^ 


1 ^!Q4 ^9"! 


Pfi 14^ 
— no 


YJ.yJYJVt 


P91 P99 

\^Z 1 L-.ZZ 




P7 PS 

*_/ / V_/0 


1 ^!07 ("^"l 

i.jy/ (J) 


P91 1491 

v_/Z i — nz i 


a Qsnn 

U.7JUU 


P7 147 


U.7JUU 


P99 P9^ 

v^.z.z. V^ZJ 


1 ^89 rtl 


C8— C13 


1.389 (2) 


C22— H22 


0.9500 


C8— H8 


0.9500 


C23— C24 


1.382 (3) 


C9— CI 3 


1.514(2) 


C23— H23 


0.9500 


C9— C14 


1.515 (2) 


C24— C25 


1.395 (3) 


C9— CI 5 


1.564 (2) 


C24— H24 


0.9500 


C9— H9 


1.0000 


C25— H25 


0.9500 


C10— C12 


1.513 (2) 


C26— C12 


1.746 (2) 


C10— Cll 


1.513 (2) 


C26— Cll 


1.754 (2) 


C10— C16 


1.556 (2) 


C26— C13 


1.764 (2) 


C10— H10 


1.0000 


C26— H26 


1.0000 


C19— Nl— C17 


113.31 (13) 


C9— CI 5— C16 


109.31 (11) 


C19— Nl— C18 


111.26(12) 


C18— C15— H15 


109.0 


C17— Nl— C18 


103.50 (11) 


C9— CI 5— HI 5 


109.0 


C14— CI— C2 


119.54(18) 


C16— C15— H15 


109.0 


C14— CI— HI 


120.2 


C17— C16— C10 


115.14(12) 


C2— CI— HI 


120.2 


C17— C16— C15 


104.06 (12) 


C3— C2— CI 


120.33 (17) 


C10— C16— C15 


109.67(11) 
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C3 — C2 — H2 


119.8 


CI — C2 — H2 


119.8 


C2 — C3 — C4 


120.64 (17) 


C2 — C3 — H3 


1 19.7 


C4 — C3 — H3 


119.7 


C3 — C4 — Cll 


119.10 (18) 


C3 — C4 — H4 


120.4 


Cll — C4 — H4 


120.4 


C12 — C5 — Co 


110 c\o 

118.98 (15) 


f • 1 ^ /~1 £■ TTf 

C12 — C5 — H5 


120.5 


C6 — C5 — H5 


120.5 


C7 — C6 — C5 


120.79 (16) 


C7 — Co — Ho 


119.6 


C5 — C6 — H6 


119.6 


Co — C7 — C8 


120.20 (16) 


Co — C7 — H7 


119.9 


f\ o f~*H I T"7 

C8 — C7 — H7 


1 1 A A 

119.9 


/~< 1 -t o /"it 

C13 — C8 — C7 


i i A 1 O / 1 /"\ 

119.28 (16) 


C13 — C8 — H8 


120.4 


/"I "7 /"I o TTO 

C7 — C8 — H8 


120.4 


C13 — C9 — C14 


106.76 (12) 


C13 — C9 — C15 


107.63 (12) 


C14 — C9 — C15 


105.46 (12) 


C13 — C9 — H9 


112.2 


C14 — C9 — H9 


112.2 


CI 5 — C9 — H9 


112.2 


C12 — CIO — Cll 


106.76 (12) 


C12 — CIO — Clo 


108.06 (12) 


Cll — CIO — Clo 


105.24 (12) 


C12 — CIO — H10 


112.1 


Cll — CIO — H10 


112.1 


Clo — CIO — H10 


112.1 


C4 — Cll — C14 


120.17 (15) 


C4 — Cll — CIO 


126.34 (15) 


C14 — Cll — CIO 


113.49 (13) 


C5 — C12 — C13 


120.26 (14) 


f~ • C /"• 1 /"MA 

C5 — Clz — CIO 


126.29 (14) 


C13 — C12 — CIO 


113.45 (13) 


C8 — C13 — C12 


120.49 (14) 


C8 — C13 — C9 


126.03 (14) 


C 1 z — C 1 3 — C9 


113.48 (1 3) 


CI— C14— Cll 


120.22(15) 


CI— C14— C9 


126.33 (15) 


Cll— C14— C9 


113.45 (13) 


CI 8— CI 5— C9 


115.86(12) 


C18— C15— C16 


104.31 (12) 



C 1 7 — C 1 6 — H 1 6 


109.3 


C10 — C16 — H16 


109.3 


S • ■* £ /-I 1 y TT1 /- 

C15 — C16 — H16 


109.3 


Nl — C17 — C16 


1 AJ If /I r>\ 

104.15 (12) 


XT 1 /" 1 "7 tti n i 

Nl — C17 — H17A 


110.9 


Cl6 — Cl7 — H17A 


110.9 


Nl — Cl7 — H17B 


110.9 


C16 — C17 — H17B 


110.9 


tti n a f ' i ~i T T 1 "7 1~"> 

H17A — C17 — H17B 


108.9 


Nl — C18 — C15 


103.77 (12) 


\T1 /-< 1 (> TTI n A 

Nl — C18 — H18A 


111 f\ 

111.0 


Cl5 — Cl8 — H18A 


111.0 


\t 1 /■ < 1 o t t 1 on 

Nl — C18 — H18B 


111.0 


-t r /-i -\ o tt 1 on 

Cl5 — C18 — H18B 


111.0 


T T 1 Ci A ' 1 n T T 1 OT~» 

H18A — Cl8 — H18B 


109.0 


Nl — Cl9 — C20 


114.73 (13) 


~\T1 f " 1 n TTI A A 


1 AO £ 

108.6 


riiA pi a TT1 f> A 

C20 — C 1 9 — H 1 9A 


1 AO /" 

108.6 


x t 1 r~\ i /"\ t t 1 r\T~\ 

Nl — Cl9 — H19B 


108.6 


/" ^ ^ /-\ y i T T 1 ATI 

C20 — C19 — H19B 


108.6 


TT1 H A / 1 1 C\ T T 1 (\ T~-\ 

H19A — C19 — H19B 


1 AH /" 

107.6 


C21 — C20 — C25 


110 T1 /1f/\ 

1 18.72 (15) 


C21 — C20 — C19 


122.63 (14) 


C25 — C20 — C19 


110 rA /1 j\ 

1 18.59 (14) 


P1A /rii 

C20 — C2 1 — C22 


1 1 A A/" / 1 /~\ 

120.06 (16) 


C20 — C21 — H21 


120.0 


C22 — C2l — H2l 


120.0 


/*ir»1 

C23 — C22 — C2 1 


1 1 A 1 C / 1 

120.75 (17) 


TTT1 

C23 — C22 — H22 


i 1 n £ 

119.6 


C21 — C22 — H22 


119.6 


,1 /~1^1 /~1 nk nk 

C24 — C23 — C22 


119.57 (16) 


/""i a /~"<n ttio 

C24 — C23 — H23 


1 1A 1 

120.2 


/~^H nil TTI") 

C22 — C23 — H23 


1 1A 1 

120.2 


C23 — C24 — C25 


120.07 (16) 


/~"^0 /~^1 /I TT1/1 

C23 — C24 — H24 


120.0 


C25 — C24 — H24 


1 1A A 

120.0 


C20 — C25 — C24 


1 1 A TO / 1 /"\ 

120.78 (16) 


C20 — C25 — H25 


119.6 


C24 — C25 — H25 


119.6 


C12— C26— Cll 


109.88 (13) 


C12— C26— C13 


111.44(12) 


Cll— C26— C13 


109.86 (12) 


C12— C26— H26 


108.5 


Cll— C26— H26 


108.5 


C13— C26— H26 


108.5 
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Hydrogen-bond geometry (A, ") 



D — H—A 


D — H 


H-A 


D-A 


D—U-A 


C26— H26-N1 


1.00 


2.36 


3.320 (2) 
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